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Abstract
In the present study, we described a facile preparation of graphene oxide incorporated alginate hydrogel beads (SA/GO) and
applied them in adsorbing organic pollutants in aqueous media. The results show that the incorporation of graphene oxide
obviously decreased the pore size and swelling ratio of the hydrogel beads. The existence of the GO also significantly enhanced
the adsorption capability of the SA/GO beads to various organic dyes, including heterocyclic dye, indigo dye, anthraquinone, and
azo dye. Besides, the SA/GO beads show promising adsorption capability to the bisphenol A (BPA), a toxic chemical which
could cause endocrine disruption. The adsorption isotherm and kinetic of the SA/GO beads were also studied in detail. The
present study indicates that the SA/GO beads are a type of effective absorbent for various organic pollutants which have the
potential to be applied in water purification fields.
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Introduction

Sodium alginate (SA), a linear binary heteropolymer, is a kind
of natural polysaccharide being composed of α-L-guluronate
units and β-D-mannuronate units which are linked through
varying ratios [1–3]. The non-toxicity, biocompatibility, and
ease of gelling from hydrophilic sodium alginate to aqueous
insoluble calcium alginate through ionic crosslinking enable
the application of alginate gel in various fields such as drug
release and wound healing [4–6]. Recently, the SA gel mate-
rials have received tremendous research interest since they
show promising adsorbing affinity to numerous materials like

metal ions, antibiotics, and many organic pollutants in aque-
ous media, which make the alginate gel a desirable candidate
in the application of water purification [7, 8].

On the other hand, the 2-D structured graphene-related
materials and their derivatives have received numerous in-
terests in a variety of research fields due to their unique
properties [9, 10]. As a significant derivative, the graphene
oxide (GO) has found tremendous applications in compos-
ites, electronics, catalysts, and water purifications [11–13].
The high surface area and the large amounts of functional
groups like carboxyl groups, epoxy groups, and hydroxyl
groups existed within the GO skeleton enable the GO with
strong affinity to various organic and inorganic molecules
[14]. Due to this reason, the GO is considered a desirable
material for enhancing the adsorbing performance of hy-
drogel materials, and great efforts have been devoted to
exploring the capability of the GO-based hydrogel mate-
rials for organic pollutant removal [15, 16].

In recent years, tons of organic dye wastewater have been
discharged and caused serious environmental problems [17].
Many dyes and their degradation products are toxic, carcino-
genic, which cannot be easily biodegraded naturally. More
recently, the bisphenol A (BPA) also caused panic among
human beings since it is viewed as an endocrine-disrupting
chemical (EDC) which can interfere the reproduction and
gene transformation of human and animals [18]. Thus, the
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removal of both organic dyes and BPA fromwater system is of
extreme significance.

Based on the above facts, the SA/GO hydrogel beads were
fabricated through ion-exchange gelling process. The struc-
ture of the hydrogel beads were characterized afterwards.
The adsorbing capability of the fabricated beads was then
investigated through removing various organic dyes, includ-
ing heterocyclic dye, indigo dye, anthraquinone, and azo dye
in aqueous media. Moreover, the BPA removal efficiency of
the SA/GO hydrogel beads was also studied in detail. One
issue which should be pointed out that although the adsorption
behavior of the SA hydrogel composites has been studied
through adsorbing different molecules, the adsorbed target
are mainly ionic molecules, including metal cations and ionic
molecules which are easily ionized in water [19, 20]. These
ionized molecules can be adsorbed by SA/GO hydrogel more
easily through ionic interactions. Few studies investigated the
adsorption behavior of SA/GO hydrogel to non-ionic mole-
cules. Furthermore, a number of studies have reported the
promising adsorption capability of GO to the non-ionic mol-
ecules [21, 22]. Thus, the GO should be a promising function-
al filler to improve the adsorption capability of SA to the non-
ionic molecules with small incorporation amount. Through
studying the adsorption behavior of the SA/GO beads to
BPA, the adsorption capacity of the SA/GO beads to non-
ionic molecules could be clearly illustrated.

Experimental

Materials

Natural graphite powder was purchased from Aldrich
(America). Sodium alginate (SA, viscosity 350–550 mPa s)
was purchased from Beijing Yonge Water Biological
Technology Co., Ltd. (China). Methylene Blue (MB),
Rhodamine B (RhB), Vat Green 1 (VG1), and Methyl
Orange (MO) were also purchased from Beijing Yonge
Water Biological Technology Co., Ltd. (China), which repre-
sented for the heterocyclic dye, indigo dye, anthraquinone,
and azo dye respectively in the present study. Bisphenol A
(BPA, m.w. = 228, Purity ≥ 99%) was purchased from
Aldrich (USA). The parameters of the chemicals to be
adsorbed were listed in Table 1. Other reagents were of ana-
lytical grade and used as received without further purification.
Deionized water (H2O) was used exclusively in this study.

Preparation of SA/GO hydrogel beads

The GO was prepared from natural graphite powder using
modified Hummer’s method described elsewhere [23]. The
SA/GO hydrogel beads with different GOmass contents were
prepared using an ion-exchange gelling process as follows.

Certain amount of GO was first put into 10 mL of H2O and
sonicated for 2 h to obtain a uniform dispersion. At the same
time, 1 g SAwas dissolved in 50 mL of H2O with continuous
mechanical stirring until a transparent SA solution was obtain-
ed. The GO dispersion was added into the SA solution. After
2 h of sonication and 1 h of mechanical stirring, the homoge-
neous SA/GO-mixed dispersion was obtained. The SA/GO
hydrogel beads were then formed by a ion exchange process
through injecting the SA/GO dropwise into a calcium chloride
solution (CaCl2, 10 M), during which process the CaCl2 solu-
tion was stirred gently with a magnetic stirrer to prevent bead
agglomeration. Afterwards, the instantaneously formed hy-
drogel beads were placed in the CaCl2 solution for another
4 h to complete the ion exchange process. The SA/GO beads
with the GO mass contents of 0.5 and 1.0 wt% were finally
obtained after being washed with H2O for three times to rinse
out the un-reacted ions. For comparison, pure SA hydrogel
beads were also prepared with similar procedures.

Characterizations

The crystalline structure of the hydrogel beads was character-
ized by X-ray diffraction (XRD) which was conducted using a
Rigaku Smartlab XRD instrument with the Cu Kα radiation
source (1.54 Å). Fourier transform infrared (FT-IR) spectra
were recorded by a Perkin Elmer 100 spectrophotometer.
Scanning electron microscopy (SEM) was conducted by the
JEOL SEM 6490. The hydrogel beads were freeze-dried and
coated with a thin gold film before observation. The thermo-
gravimetric analysis (TGA) was measured using a Mettler
Toledo TGA/DSC 1 Simultaneous Thermal analyzer with
the temperature increasing from 25 to 700 °C at a heating rate
of 10 °C/min under air, and the flow rate was set at 50 mL/
min.

Swelling test

The swelling ratio (SR, %) of freeze-dried hydrogel beads was
immersed in 200 mL of H2O for 24 h at 25 °C to reach the
equilibrium. The SR was calculated as:

SR ¼ mt−m0ð Þ
m0

� 100 ð1Þ

where m0 is the mass weight of the freeze-dried hydrogel
beads and mt is the mass ratio of the swollen beads.

Dye adsorption of the hydrogel beads

In a vial, 10mg of freeze-dried hydrogel beads were immersed
in 25 mL of dye solution (100 mg/L for MB and RhB; 50 mg/
L for VG1 and MO). The vial was placed in a thermostatic
shaker with water bath (25 °C). After a certain period of time,
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the solution samples were taken out, and the amount of the
absorbed dyes by the beads was measured by a UV-Vis spec-
troscopy (Lambda-18 UV-visible spectrometer). The absor-
bance numbers at 665, 550, 640, and 462 cm−1 corresponding
to the maximum absorption of MB, RhB, VG1, and MOwere
used to determine the concentration variation of the dyes,
respectively. After measuring, the solutions were placed back
into the bottle at once to keep the total volume of the solution
constant. The adsorption amount of the dyes was calculated
using the following equation:

qe ¼
C0−Ctð ÞV

m
ð2Þ

where qeis the absorption amount of the dyes on the hydrogel
beads (mg/g), C0 is the initial dye concentration (mg/L), Ct is

the dye concentration at equilibrium (mg/L), V is the volume
of the dye solution (L), and m is the mass weight of the hy-
drogel beads used (g). Each absorption cycle was duplicated
with an average result value. The effect of pH value to the
adsorption amount of the dyes was also tested using the above
method.

The effect of hydrogel beads amount to the dye adsorp-
tion percentage and the effect of the dye concentration to
the adsorption capacity of certain amount of beads were
also investigated using similar method as above. The re-
moval of the dyes was calculated using the following
equation:

Removal;% ¼ C0−Ct

C0
� 100 ð3Þ

Table 1 Parameters of the dyes and bisphenol A used in the present study

Chemicals Structure
Formula

UV-vis spectra
Max. 

Absorb.(nm)

Methylene Blue

(MB)

(Heterocyclic dye)

C16H18ClN3S 665

Rhodamine B

(RhB)

(Basic dye)

C28H31ClN2O3 550

Vat Green 1

(VG1)

(Anthraquinone

dye)

C36H22O4 640

Methyl Orange

(MO)

(Azo dye) C14H14N3NaO3S

462

Bisphenol A

(BPA)

C15H16O2

275

400 500 600 700 800

400 500 600 700 800

400 500 600 700 800

200 300 400 500 600

200 300 400 500 600
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BPA adsorption of the hydrogel beads

In a vial, 10 mg of freeze-dried hydrogel beads was put
into 25 mL of BPA solution. The detailed procedures for
measuring the adsorption behavior of the hydrogel beads
to BPA also follow the above-mentioned method to dye
solutions. The amount of the absorbed BPA by the beads
was also measured by a UV-Vis spectroscopy at the wave-
length of ~ 275 nm which represented for the π-π* tran-
sition of the phenol group.

Adsorption kinetics of hydrogel beads

Two kinetics models, the pseudo-first-order equation and
the pseudo-second-order equation, are used to investigate
the adsorption mechanism of the SA hydrogel beads to
the dyes and BPA. The pseudo-first-order equation is
shown as:

ln qe−qtð Þ ¼ lnqe−K1t ð4Þ

where qt is the absorption amount (mg/g) of the dyes and
BPA on the hydrogel beads at time t (h) and K1 is the rate

constant of the pseudo-first-order adsorption (h−1) [24].
The pseudo-second-order equation is shown as:

t
qt

¼ 1

K2q2e
þ 1

qe
t ð5Þ

where K2 is the rate constant of the pseudo-second-order
adsorption (mg g−1 h−1).

Results and discussion

The XRD patterns of the pure SA hydrogel beads and SA/GO
hydrogel beads are shown in Fig. 1a. As could be seen, GO
exhibited characteristic peaks at ~ 11°, while the SA hydrogel
beads had the characteristic peak at ~ 13.2°. When the GOwas
incorporated into the hydrogel beads, the composite beads
presented similar peaks to the pure hydrogel, and neither GO
peak nor other peaks were observed, indicating that GO sheets
have been well exfoliated within the SA matrix, and the in-
corporation of GO did not break the pristine structure of the
SA.Moreover, it could be also observed that the peak intensity
of the SA/GO hydrogel beads was broader and weaker than
that of the pure SA, and the SA/GO peak had a slight shift to
lower value, which meant the rigid filler GO might decrease
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Fig. 1 (a) XRD patterns and (b)
FT-IR spectra of GO, pure SA
hydrogel beads, and the SA/GO
hydrogel beads

Fig. 2 SEM images of (a) SA, (b) SA/GO 0.5 wt% and SA/GO 1.0 wt% hydrogel beads
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the crystallinity of the polymer matrix to some extent when the
filler was incorporated and interacted with the matrix [25].

Figure 1b shows the FT-IR spectra of the GO, SA, and
SA/GO hydrogel beads. It can be seen that GO had char-
acteristic peaks at 1710 and ~ 3300 cm−1, which were
corresponded to the stretching vibration of the –OH group
and the –COOH groups on the GO surface. These groups
were the functional groups which could form interactions
with the SA molecules and the adsorbed targets. The pure
SA had characteristic peaks at ~ 3415 and ~ 1615 cm−1,
which were attributed to the stretching vibration of the –

OH group and the C=O group in the SA molecules. From
the spectra of the SA/GO hydrogel beads, GO peak could
be observed due to low incorporation content. Meanwhile,
it could be seen that the vibration peak of the –OH group
became broader with lower wavelengths, indicating the
SA matrix and the GO filler had some sort of interactions
through hydrogen bonding. Moreover, with the increase
of the GO content in the hydrogel, a bigger shifting de-
gree was observed, indicating more hydrogen bond inter-
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Fig. 4 Effect of GO content and
contact time on the adsorption of
(a) MB, (b) RhB, (c) VG1, and
(d) MO by SA and SA/GO
hydrogel beads at room
temperature (25 °C) and pH value
at 7.0 (inset: digital image of the
dye solutions before and after
adsorption: 1. Before adsorption;
2. Adsorption by SA; 3.
Adsorption by SA/GO)
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actions were formed. Meanwhile, the peak intensity of the
SA/GO hydrogel beads in ~ 1615 cm−1 was higher than
that of the pure SA hydrogel beads, which also meant the
SA and GO formed strong interactions.

Figure 2 shows the SEM image of the freeze-dried pure SA
and SA/GO hydrogel beads. It could be seen that both the SA
and SA/GO hydrogel beads had well-defined porous structure.
However, it could be seen that the pore size of the SA/GO
hydrogel was smaller than that of the SA hydrogel. The more
GO was incorporated into the SA, the smaller the pore size of
the hydrogel beads. This was ascribed to the introduction of
the GO in to the hydrogel systemwho brought about a number
of functional groups like –OH groups and –COOH groups.

These functional groups took part in the crosslinking process
and formed strong hydrogen bonding interactions with the SA
as described above, resulting in a higher crosslinking degree
and a smaller pore size [26].

The crosslinking of the GO also affected the swelling be-
havior of the prepared hydrogel beads. Figure 3 shows the
water holding capacity in terms of swelling ratio of the hydro-
gel beads. One can see that with the incorporation of the GO,
the SR of the SA/GO hydrogel beads when compared with the
pure SA beads. Since the functional groups in GO increased
the crosslinking degree of the hydrogel beads, the interactions
between the SA and the water molecules were interfered and
restrained, resulting in a lower degree on the SR of the SA/GO
hydrogel beads [27].

The adsorption capability of the hydrogel beads to var-
ious organic dyes was then investigated. Figure 4 shows
the influence of the contact time and GO mass content on
the dyes adsorbed on the hydrogel beads at room temper-
ature (25 °C) and pH value at 7.0. The inset images were
the color changes before and after adsorption. As could be
clearly observed, the existence of the GO significantly en-
hanced the dye adsorption capability of the dyes and al-
most all the dyes could be effectively adsorbed within 8 h
of time. This was ascribed to the large aromatic structure
and the existence of numerous functional groups of the GO
which could easily capture the dye molecules through π-π
stacking and ionic interactions. It could be also seen that
the adsorption speed of the MO onto the hydrogel beads

Fig. 6 Schematic illustration of
the bead formation and
interactions between GO and
BPA
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was slower than those of the MB, RhB, and VG1. Since
GO had numerous carboxyl functional groups within its
structure and can be easily negatively charged in water
(COOH→COO− + H+), the positively charged and neutral
dye molecules like MB, RhB, and VG1 are more inclined
to be adsorbed by the negatively charged MO (see
Table 1), which resulted in a better adsorption of the MB,
RhB, and VG1 [28]. Li et al. [29] studied the adsorption
behavior of SA/GO fiber film to MB and found that the
SA/GO composite had an adsorption capacity of
140.80 mg/g to MB. When the shape of the SA/GO com-
posite changed to beads in the present study, the adsorption
capacity to MB could be higher than 200 mg/g due to
larger contact areas.

The adsorption of the hydrogel beads to BPA was then
investigated in detail. Figure 5 shows the influence of the
contact time and GO mass content on the BPA adsorbed
on the hydrogel beads at room temperature (25 °C) and
pH value at 7.0. The BPA concentration was set at 50 mg/
L. The results showed that the SA/GO beads had very
desirable removal efficiency to the BPA, in which a larger
amount of the BPA molecules could be adsorbed by the
hydrogel beads within 6 h of time. On the contrary, the
pure SA hydrogel beads showed a poor adsorption capac-
ity of ~ 50 mg/g. This was also due to the existence of the

GO which increased the interactions with the benzene
rings within the BPA structure through π-π stacking,
n-π stacking, and hydrogen bonding (see Fig. 6), which
was in accordance with the previous studies [30].

Successively, the influence of the pH value on the
adsorption behavior of the hydrogel beads to BPA was
studied since the hydrogen/hydroxide ion concentrations
affected the surface charges and properties of the GO and
SA a lot. Figure 7 shows the adsorption of the hydrogel
beads to BPA at different pH value. One could see that
the total BPA adsorption amount increased with the in-
crease of the pH value. At lower pH, the successive
protons (H+) integrated with the carboxyl groups
(COO−) of the GO, hindering the n-π stacking and hy-
drogen bonding interactions between the hydrogels and
BPA molecules. When the pH value increased, the GO
surface was negatively charged in which more carboxyl
groups could take part in the interactions, and the BPA
adsorption amount was then increased as a result. Since
the introduction of the GO into the hydrogel system
brought about abundant carboxylic acid groups, a more
obvious adsorption variation could be observed on the
SA/GO hydrogel beads [31].

The adsorption isotherm of BPA on the SA/GO hydrogel
beads was then investigated with the results shown in Fig. 8a,
b. Tenmilligrams of the SA/GO 0.5 wt% and SA/GO 1.0 wt%
were selected as the adsorbent to be put into 25 mL of BPA
solution, and the BPA concentration increased from 20 to
80 mg/L. The BPA adsorption data were fitted by the
Langmuir model and Freundlich model as follows:

qe ¼
qmKLCe

1þ KLCe
ð5Þ

where qm is the theoretical maximal adsorption amount when
monolayer absorbent is fully covered with the absorbate (mg/
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(b)Fig. 8 Adsorption isotherms of
(a) SA/GO 0.5 wt% and (b) SA/
GO 1.0 wt% hydrogel beads to
BPA including experimental data
(black dot); Langmuir model (red
solid line), and Freundlich model
(blue dash line)

Table 2 Isotherms parameters for SA/GO hydrogel beads

Isotherm model Parameters SA/GO 0.5 wt% SA/GO 1.0 wt%

Langmuir qm (mg/g) 221.92 342.69

KL (L/mg) 0.0137 0.00851

R2 0.996 0.993

Freundlich Kf (L/g) 8.43 5.98

n 1.688 1.421

R2 0.955 0.938
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g) and KL is the Langmuir constant (L/g) which relates to the
adsorption energy.

lnqe ¼ lnK f þ 1

n
lnCe ð6Þ

where Kf is the Freundlich constant (mg/g) which related to
the adsorption capacity and 1

n is also a Freundlich constant
which related to the adsorption intensity. The detailed param-
eters are also listed in Table 2.

As could be observed, for both SA/GO 0.5 wt% and SA/
GO 1.0 wt% hydrogel beads, the obtained data can be fitted
for both the Langmuir model and Freundlich model as well.
From the R2 values shown in Table 2, one could see that the
Langmuir model (R2 ≈ 0.99) illustrates better correlation than
the Freundlich model (R2 ≈ 0.94), indicating a homogeneous
surface of the hydrogel beads and a uniform adsorption of the
BPA on the adsorbent samples.

The adsorption kinetics was also investigated and ana-
lyzed with pseudo-first-order and pseudo-second-order
models. Figure 9a, b shows the adsorption kinetic results
of the SA/GO 0.5 wt% and SA/GO 1.0 wt% hydrogel
beads. It could be clearly seen that the time and t/qt had
a linear relationship in pseudo-second-order model for
both two hydrogel bead samples. However, nonlinear re-
lationship between the time and ln(qe−qt) was observed in
pseudo-first-order model. The results indicated that the
experimental data agreed with the calculated values well
and the adsorption behaviors in the present study obeyed
the pseudo-second-order model.

Conclusion

In summary, the SA/GO hydrogel beads with different GO
mass contents were prepared through a facile ion exchange
process. The prepared hydrogel beads were used to remove
organic pollutants like various dyes and BPA in aqueous me-
dia. The overall results showed that the prepared SA/GO hy-
drogel beads had very promising adsorption capabilities to the

mentioned pollutants. The incorporation of the GO largely
enhanced and increased the adsorption amount of the SA hy-
drogel beads. Afterwards, the adsorption isotherms and kinet-
ics of the SA/GO hydrogel beads to BPAwere also investigat-
ed in detail, and the results show the adsorption behavior
follows the Langmuir model and pseudo-second-order model
well. This study provides an effective and efficient absorbency
for potential applications in removing pollutants in water pu-
rification fields.
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